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(54) Semiconductor laser device and optical fiber amplifier 



(57) A semiconductor laser device comprises an op- 
tical fiber (20) having an optical fiber grating (30) formed 
therein, a semiconductor laser (1 1 ) having an active lay- 
er (41 ) with a single quantum well, for emitting laser light, 
and a coupling optical system (15) for coupling the laser 
light emitted out of the semiconductor laser into the op- 
tical fiber. The coupling optical system can include a nar- 



row-band filter (1 7) for adjusting an incident angle of the 
laser light emitted out of the semiconductor laser. The 
optical fiber grating (30) can have a reflection bandwidth 
wider than or substantially equal to a 3dB bandwidth of 
the gain of the semiconductor laser or a spectrum full 
width at half maximum of the laser light of the semicon- 
ductor laser. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a semiconduc- 
tor laser device for controlling changes in the emission 
wavelength of laser light emitted out of a semiconductor 
laser by means of an optical fiber grating. The present 
invention also relates to an optical fiber amplifier which 
uses the semiconductor laser device. 

Description of the Prior Art 

[0002] Fig. 11 is a diagram showing the structure of a 
prior art semiconductor laser device. In Fig. 11, refer- 
ence numeral 110 denotes a pump laser module that 
emits laser light, reference numeral 120 denotes an op- 
tical fiber for guiding the laser light from the pump laser 
module 1 1 0, and reference numeral 1 30 denotes an op- 
tical fiber grating formed in the optical fiber 120. 
[0003] Furthermore, in the pump laser module 11 0 of 
Fig. 11, reference numeral 111 denotes a 980-nm band 
semiconductor laser, reference numeral 112 denotes a 
temperature monitor for monitoring the temperature of 
the pump laser module 110, reference numeral 113 de- 
notes a cooler for keeping the temperature of the pump 
laser module 110 constant according to the monitoring 
result of the temperature monitor 112, and reference nu- 
meral 115 denotes a coupling optical system for cou- 
pling light emitted out of the semiconductor laser 111 
into an optical fiber 120. 

[0004] 980-nm band laser light is used for the excita- 
tion of an erbium-doped fiber amplifier (EDFA). Since 
the gain-wavelength characteristic of EDFA changes 
when the emission wavelength of the laser light changes 
during the excitation, an optical fiber grating 130 is dis- 
posed at the output of the pump laser module 110 as 
measures against changes in the gain-wavelength char- 
acteristic. 

[0005] Fig. 1 2 is a diagram showing an example of the 
structure of the semiconductor laser 111. In Fig. 12, ref- 
erence numeral 111a denotes an n-type electrode, ref- 
erence numeral 111b denotes a GaAs substrate, refer- 
ence numeral 111c denotes an n-type cladding layer, 
reference numeral 111 d denotes a multiple quantum 
well (MQW) active layer, reference numeral 11 1e de- 
notes a p-type cladding layer, and reference numeral 
111f denotes a p-type electrode. In the prior art semi- 
conductor laser device, the semiconductor laser 111 
having the MQW active layer 11 1 d is used. 
[0006] Fig. 13 is a diagram showing an energy band 
structure in the vicinity of the MQW active layer 1 1 1 d of 
the semiconductor laser 111. In Fig. 13, reference nu- 
meral 142 denotes a conduction band, reference nu- 
meral 143 denotes a valence band, reference numerals 
146A and 146B denote quantum wells, respectively, ref- 



2 

erence numeral 147 denotes a barrier layer, reference 
numeral 144 denotes a guide layer, and reference nu- 
meral 145 denotes a cladding layer. Each of the two 
quantum wells 146A and 146B is composed of InGaAs 

5 of In chemical composition of 0.2. The barrier layer 1 47 
is composed of AIGaAs of Al chemical composition of 
0.2. The guide layer 144 is composed of AIGaAs of Al 
chemical composition of 0.2. The cladding layer 145 is 
composed of AIGaAs of Al chemical composition of 

10 0.48. 

[0007] In general, the number of wells included in the 
MQW active layer 11 1 d ranges from 2 to 4. Each of the 
two quantum wells 146A and 146B has a thickness Lz 
ranging from 5 nm to 15 nm, the barrier layer 147 has a 

15 thickness Lb ranging from 1 0 nm to 50 nm, and the guide 
layer 144 has a thickness ranging from 10 nm to 500 
nm. The Al chemical composition of the above-men- 
tioned AIGaAs is adjusted between 0.0 and 0.5 from the 
viewpoint of optical confinement. 

20 [0008] Population inversion is formed by an electric 
current's flowing in a forward direction between the p- 
type electrode 111f and the n-type electrode 111a, and 
hence injecting electrons and halls into the MQW active 
layer 1 1 1 d. As a result, the semiconductor laser 1 1 1 os- 

25 cillates at a 980-nm band of emission wavelengths de- 
termined by the bandgap of the MQW active layer 1 1 1 d, 
and emits laser light to the optical fiber 120 by way of 
the coupling optical system 115. 
[0009] In general, since the semiconductor laser uses 

30 interband transitions, it has a gain over a wide wave- 
length range (e.g., ten-odd nm). The emission wave- 
length of the semiconductor laser 1 1 1 differs and chang- 
es according to chip-to-chip variations and change in 
temperature. Therefore, the change in the emission 

35 wavelength of the semiconductor laser device is con- 
trolled by the optical fiber grating 130 disposed as an 
external resonator in the prior art semiconductor laser 
device. For example, details of the semiconductor laser 
device provided with the optical fiber grating 1 30 are dis- 

40 closed in <Reference 1>. 

[0010] < Reference 1>: Martin Achtenhagen, et al.: 
"L-l Characteristics of Fiber Bragg Grating Stabilized 
980-nm Pump Lasers", IEEE PHOTONICS TECHNOL- 
OGY LETTERS, VOL. 13.NO. 5, MAY 2001. 

45 [001 1 ] When the temperature of the pump laser mod- 
ule 1 1 0 changes greatly because of a self heating of the 
semiconductor laser 1 1 1 and change in ambient temper- 
ature, the wavelength characteristic of the threshold 
gain distribution also changes. On the other hand, since 

50 the wavelength characteristic of the optical fiber grating 
130 remains being fixed, the semiconductor laser 111 
does not oscillate in external resonance mode and 
therefore the emission wavelength cannot be kept con- 
stant. 

55 [0012] To avoid this trouble, a temperature control 
mechanism is disposed in the semiconductor laser de- 
vice of Fig. 1 1 . In other words, the prior art semiconduc- 
tor laser device is so constructed as to monitor the tem- 
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perature of the pump laser module 11 0 by means of the 
temperature monitor 112, to control an electric current 
flowing through the cooler 113 by means of a tempera- 
ture controller not shown in the figure, and to keep the 
temperature of the pump laser module 110 constant, s 
Thus, the semiconductor laser device can stabilize the 
emission wavelength, and can control the change in the 
gain-wavelength characteristic when applied to EDFA. 
Japanese patent application publication No. 
2000-353856 discloses a prior art technology associat- 
ed with the semiconductor laser device mentioned 
above, for example. 

[001 3] A problem with a prior art semiconductor laser 
device constructed as mentioned above is that to keep 
the emission wavelength constant the semiconductor 
laser device has to have a temperature control mecha- 
nism that consists of a temperature monitor, a temper- 
ature controller, a cooler, etc., and the structure of the 
semiconductor laser device therefore becomes com- 
plex. 

SUMMARY OF THE INVENTION 

[001 4] The present invention is proposed to solve the 
above-mentioned problem, and it is therefore an object 
of the present invention to provide a semiconductor la- 
ser device having a simple structure and capable of 
keeping the emission wavelength constant without hav- 
ing to use a temperature control mechanism. 
[0015] It is another object of the present invention to 
provide a semiconductor laser device capable of con- 
trolling the change in the emission wavelength by 
means of a temperature control mechanism with low 
control resolution or low control performance. 
[001 6] It is a further object of the present invention to 
provide an optical fiber amplifier provided with such a 
semiconductor laser device as a source of pumping 
light, and capable of controlling the change in the gain- 
wavelength characteristic. 

[001 7] In accordance with an aspect of the present in- 
vention, there is provided a semiconductor laser device, 
comprising: an optical fiber having an optical fiber grat- 
ing; a semiconductor laser having an active layer with a 
single quantum well, for emitting laser light; and a cou- 
pling optical system for coupling the laser light emitted 
out of the semiconductor laser into the optical fiber. 
[0018] In accordance with another aspect of the 
present invention, the coupling optical system includes 
a narrow-band filter for adjusting an incident angle of 
the laser light emitted out of the semiconductor laser. 
[0019] In accordance with a further aspect of the 
present invention, the optical fiber grating has a reflec- 
tion bandwidth widerthan or substantially equal to a 3dB 
bandwidth of a gain of the semiconductor laser or a 
spectrum full width at half maximum of the laser light of 
the semiconductor laser. 

[0020] In accordance with another aspect of the 
present invention, the coupling optical system has a nar- 



row-band filter for adjusting an incident angle of the laser 
light emitted out of the semiconductor laser. Further- 
more, the optical fiber grating has a reflection bandwidth 
widerthan or substantially equal to a 3dB bandwidth of 
a gain of the semiconductor laser or a spectrum full 
width at half maximum of the laser light of the semicon- 
ductor laser. 

[0021] In accordance with a further aspect of the 
present invention, the coupling optical system includes 
a collimator lens for collimating the laser light emitted 
out of the semiconductor laser and for outputting the col- 
limated laser light to the narrow-band filter, and a con- 
denser lens for focusing the laser light output from the 
narrow-band filter onto the optical fiber. 
[0022] In accordance with another aspect of the 
present invention, the semiconductor laser has an anti- 
reflection coating with a reflectivity of about 1 0 % or less, 
which is formed on an emitting exit face thereof from 
which the laser light is emitted. 

[0023] In accordance with a further aspect of the 
present invention, the anti-reflection coating has a re- 
flectivity lower than that of the optical fiber grating. 
[0024] In accordance with another aspect of the 
present invention, the semiconductor laser includes a 
layer having a refraction index lower than that of an op- 
tical guide layer disposed outside the active layer with 
the single quantum well, the layer having such a thick- 
ness as to prevent itself from becoming a barrier that 
keeps an electric current from flowing through the sem- 
iconductor laser and the layer being disposed outside 
the optical guide layer. 

[0025] In accordance with a further aspect of the 
present invention, the active layer, a barrier layer, and 
a guide layer of the semiconductor laser are configured 
to have a distortion compensating structure. 
[0026] In accordance with another aspect of the 
present invention, the optical fiber grating has a reflec- 
tion bandwidth of 5 nm or more. 
[0027] In accordance with a further aspect of the 
present invention, the narrow-band filter includes an in- 
cident angle adjusting mechanism for adjusting the nar- 
row-band filter so that the incident angle of the laser light 
incident on the narrow-band filter approaches 90 de- 
grees with increasing ambient temperature. 
[0028] In accordance with another aspect of the 
present invention, the active layer with the single quan- 
tum well of the semiconductor laser has a thickness 
ranging from 10 nm to 25 nm. 

[0029] In accordance with a further aspect of the 
present invention, there is provided a semiconductor la- 
ser device, comprising: an optical fiber having an optical 
fibergrating; a semiconductor laser having an active lay- 
er with two or more quantum wells formed at intervals 
that are close enough to provide quantum coupling, for 
emitting laser light; and a coupling optical system for 
coupling the laser light emitted out of the semiconductor 
laser into the optical fiber. 

[0030] In accordance with another aspect of the 
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present invention, the coupling optical system includes 
a narrow-band filter for adjusting an incident angle of 
the laser light emitted out of the semiconductor laser. 
[0031] In accordance with a further aspect of the 
present invention, the optical fiber grating has a reflec- 
tion bandwidth widerthan or substantially equal to a 3dB 
bandwidth of a gain of the semiconductor laser or a 
spectrum full width at half maximum of the laser light of 
the semiconductor laser. 

[0032] In accordance with another aspect of the 
present invention, the coupling optical system has a nar- 
row-band filter for adjusting an incident angle of the laser 
light emitted out of the semiconductor laser. Further- 
more, the optical fiber grating has a reflection bandwidth 
wider than or substantially equal to a 3dB bandwidth of 
a gain of the semiconductor laser or a spectrum full 
width at half maximum of the laser light of the semicon- 
ductor laser. 

[0033] In accordance with a further aspect of the 
present invention, the coupling optical system includes 
a collimator lens for collimating the laser light emitted 
out of the semiconductor laser and for outputting the col- 
limated laser light to the narrow-band filter, and a con- 
denser lens for focusing the laser light output from the 
narrow-band filter onto the optical fiber. 
[0034] In accordance with another aspect of the 
present invention, the semiconductor laser has an anti- 
reflection coating with a reflectivity of about 1 0 % or less, 
which is formed on an emitting exit face thereof from 
which the laser light is emitted. 

[0035] In accordance with a further aspect of the 
present invention, the a nti -reflection coating has a re- 
flectivity lower than that of the optical fiber grating. 
[0036] In accordance with another aspect of the 
present invention, the active layer, a barrier layer, and 
a guide layer of the semiconductor laser are configured 
to have a distortion compensating structure. 
[0037] In accordance with a further aspect of the 
present invention, the two or more quantum wells are 
formed at intervals of 8 nm or less. 
[0038] In accordance with another aspect of the 
present invention, the optical fiber grating has a reflec- 
tion bandwidth of 5 nm or more. 
[0039] In accordance with a further aspect of the 
present invention, the narrow-band filter includes an in- 
cident angle adjusting mechanism for adjusting the nar- 
row-band filter so that the incident angle of the laser light 
incident on the narrow-band filter approaches 90 de- 
grees with increasing ambient temperature. 
[0040] In accordance with another aspect of the 
present invention, there is provided an optical fiber am- 
plifier comprising: a semiconductor laser device includ- 
ing an optical fiber having an optical fiber grating, a sem- 
iconductor laser having an active layer with a single 
quantum well, for emitting pumping light, and a coupling 
optical system for coupling the pumping light emitted out 
of the semiconductor laser into the optical fiber; a pump- 
ing light-signal light coupling unit for coupling the pump- 



ing light emitted out of the semiconductor laser device 
to signal light; and a rare-earth-doped optical fiber that 
is pumped by the pumping light so as to amplify the sig- 
nal light output from the pumping light-signal light cou- 
5 pling unit. 

[0041] In accordance with a further aspect of the 
present invention, there is provided an optical fiber am- 
plifier comprising: a semiconductor laser device includ- 
ing an optical fiber having an optical fiber grating, a sem- 
iconductor laser having an active layer with two or more 
quantum wells formed at intervals that are close enough 
to provide quantum coupling, for emitting pumping light, 
and a coupling optical system for coupling the pumping 
light emitted out of the semiconductor laser into the op- 
tical fiber; a pumping light-signal light coupling unit for 
coupling the pumping light emitted out of the semicon- 
ductor laser device to signal light; and a rare-earth- 
doped optical fiber that is pumped by the pumping light 
so as to amplify the signal light output from the pumping 
light-signal light coupling unit. 

[0042] Accordingly, in accordance with the present in- 
vention, the semiconductor laser device can keep the 
emission wavelength of the laser light constant with a 
simple structure and without any temperature control 
mechanism. In addition, by using a temperature control 
mechanism which is so simply structured that its tem- 
perature control resolution or its temperature control 
performance is reduced, the semiconductor laser de- 
vice can control changes in the emission wavelength. 
[0043] Further objects and advantages of the present 
invention will be apparent from the following description 
of the preferred embodiments of the invention as illus- 
trated in the accompanying drawings. 
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35 BRIEF DESCRIPTION OF THE DRAWINGS 
[0044] 

Fig. 1 is a diagram showing the structure of a sem- 

40 iconductor laser device according to a first embod- 
iment of the present invention; 
Fig. 2 is a diagram showing an energy band struc- 
ture in the vicinity of an SQW active layer of a sem- 
iconductor laser of the semiconductor laser device 

45 according to the first embodiment; 

Figs. 3(a) and 3(b) are diagrams showing that the 
emission wavelength of the semiconductor laser is 
kept constant by means of an optical fiber grating; 
Figs. 4(a) and 4(b) are diagrams showing an advan- 

50 tage of the semiconductor laser device according 
to the first embodiment of the present invention; 
Fig. 5 is a diagram showing the structure of a sem- 
iconductor laser device according to a second em- 
bodiment of the present invention; 

55 Fig. 6 is a diagram showing an energy band struc- 
ture in the vicinity of a coupling MQW active layer 
of a semiconductor laser of the semiconductor laser 
device according to the second embodiment; 
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Figs. 7(a) and 7(b) are diagrams showing an advan- 
tage of the semiconductor laser device according 
to the second embodiment of the present invention; 
Fig. 8 is a diagram showing the structure of a sem- 
iconductor laser device according to a third embod- 5 
iment of the present invention; 
Fig. 9 is a diagram showing the structure of a sem- 
iconductor laser device according to a fourth em- 
bodiment of the present invention; 
Fig. 1 0 is a diagram showing an energy band struc- 
ture in the vicinity of an active layer of a semicon- 
ductor laser with a distortion compensation struc- 
ture of the semiconductor laser device according to 
a fourth embodiment; 

Fig. 1 1 is a diagram showing the structure of a prior 
art semiconductor laser device; 
Fig. 12 is a diagram showing an example of the 
structure of a semiconductor laser of the prior art 
semiconductor laser device; and 
Fig. 13 is a diagram showing an energy band struc- 
ture in the vicinity of an MQW active layer of the 
semiconductor laser. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] Hereafter, preferred embodiments of the 
present invention will be explained. 

Embodiment 1 . 

[0046] Fig. 1 is a diagram showing the structure of a 
semiconductor laser device according to a first embod- 
iment of the present invention. In Fig. 1, reference nu- 
meral 1 0 denotes a pump laser module that emits laser 
light, reference numeral 20 denotes an optical fiber for 
guiding the laser light from the pump laser module 10, 
and reference numeral 30 denotes an optical fiber grat- 
ing formed in the optical fiber 20. 
[0047] Furthermore, in the pump laser module 10 of 
Fig. 1, reference numeral 11 denotes a semiconductor 
laser having a single quantum well (SOW) active layer, 
reference numeral 14 denote an anti-reflection coating 
formed on a laser light emitting exit face of the semicon- 
ductor laser 1 1 , and reference numeral 1 5 denote a cou- 
pling optical system for coupling the laser light emitted 
out of the laser light emitting exit face of the semicon- 
ductor laser 11 into the optical fiber 20. 
[0048] The semiconductor laser 1 1 with the SQW ac- 
tive layer is used in the pump laser module 10 of Fig. 1 
as can be seen compared with a prior art semiconductor 
laser device. In contrast, no temperature monitor for 
monitoring the temperature of the pump laser module 
10 and no temperature control mechanism, such as a 
cooler, for keeping the temperature of the pump laser 
module 10 constant are disposed. 
[0049] Fig. 2 is a diagram showing an energy band 
structure in the vicinity of the SQW active layer of the 



semiconductor laser 11. In Fig. 2, reference numeral 41 
denotes the SQW active layer, reference numeral 42 de- 
notes a conduction band, reference numeral 43 denotes 
a valence band, reference numeral 44 denotes a guide 
layer, and reference numeral 45 denotes a cladding lay- 
er. The SQW active layer 41 is composed of InGaAs of 
In chemical composition of 0.2, the guide layer 44 is 
composed of AIGaAs of Al chemical composition of 0.2, 
and the cladding layer 45 is composed of AIGaAs of Al 
chemical composition of 0.48. 

[0050] The SQW active layer 41 of the semiconductor 
laser 1 1 can have a thickness Lz ranging from 1 0 nm to 
25nm. For example, the SQW active layer 41 of the sem- 
iconductor laser 11 has a thickness Lz of 18 nm. The 
guide layer 44 can have a thickness ranging from 1 0 nm 
to 500 nm. The Al chemical composition of AIGaAs is 
adjusted so that it falls within a range of 0.0 to 0.5 from 
the viewpoint of optical confinement. 
[0051] The semiconductor laser device of the present 
invention has the following two features. 
[0052] <Feature 1>: When the emission wavelength 
of the semiconductor laser 11 differs or changes from 
its original value, the semiconductor laser device can 
keep the emission wavelength constant by means of the 
optical fiber grating 30. 

[0053] < Feature 2>: When the temperature of the 
pump laser module 10 changes greatly, the semicon- 
ductor laser device can keep the emission wavelength 
constant over a wide range of change in the temperature 
without having to use a temperature control mechanism. 
This is because the width of the gain spectrum of the 
semiconductor laser 1 1 is wide as described later, and 
therefore the optical fiber grating 30 is so constructed 
that its wavelength locking cannot be released easily. 
[0054] First of all, the principle of < Feature 1 > will be 
explained generally. 

[0055] Figs. 3(a) and 3(b) are diagrams for explaining 
an operation of the semiconductor laser device when 
the emission wavelength is kept constant by means of 
the optical fiber grating. Fig. 3 (a) shows changes in the 
gain spectrum with changes in an electric current pass- 
ing through the active layer of the semiconductor laser, 
and Fig. 3 (b) shows changes in the gain spectrum with 
changes in the temperature of the pump laser module. 
The horizontal axis represents the emission wavelength 
(nm) and the vertical axis represents the gain (crrr 1 ). 
[0056] In Figs. 3(a) and 3(b), S 1 to S 7 denote gain 
spectrums of the semiconductor laser. As shown in Fig. 
3(a), the gain spectrum S 1 at a certain electric current 
value in turn changes into the gain spectrum S 2 and then 
the gain spectrum S 3 with increasing electric current val- 
ue. Although each of the gain spectrums S 1 to S 7 actu- 
ally has a complex shape, as illustrated in Figs. 4(a) and 
4(b), the shapes of the gain spectrums S 1 to S 7 are sim- 
ply illustrated in Figs. 3(a) and 3(b) for the sake of sim- 
plicity. 

[0057] Furthermore, a straight line indicated by a ref- 
erence character G of Figs. 3 (a) and 3 (b) is an optical 
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gain in the case of a single semiconductor laser. Here, 
the single semiconductor laser means a case where no 
optical fiber grating is disposed at the output of the sem- 
iconductor laser device. When a loss in the semicon- 
ductor laser is a, the length of cavity is L, the reflectivity 
of a front facet of the semiconductor laser is Rj, the re- 
flectivity of a back facet of the semiconductor laser is R r , 
and the optical confinement coefficient is r, the optical 
gain G is given by the following equation (1). 

r-G=a + (0.5/L) ■ ln[1/(R f • R f )] (1 ) 

[0058] In addition, a bent segment of the optical gain 
G indicated by a reference string G fg of Figs. 3(a) and 
3(b) is a mode gain when the optical fiber grating is dis- 
posed at the output of the semiconductor laser device. 
By using an equivalent front reflectivity R eff of the sem- 
iconductor laser when the optical fiber grating is dis- 
posed at the output of the semiconductor laser device, 
the mode gain Gf g is given by the following equation (2). 

r.G fg = a + (0.5/L).ln[1/(R eff .R r )] (2) 

[0059] In the above equations (1) and (2), the loss in 
the semiconductor laser a ranges from 1 to 20 cm' 1 , the 
length L of the cavity ranges from 500 \irr\ to 3000 ^m, 
the front reflectivity R f is 10 % or less, the equivalent 
front reflectivity R eff is 20 % or less, the back reflectivity 
R r is 80 % or more, and the optical confinement coeffi- 
cient r ranges from 0.001 to 0.1 . In this example, a = 4 
cm* 1 , L= 900 urn, R, = 1 %, R eff = 4%, R r = 98%, r = 
0.0175, and therefore G = 1700 cm" 1 and G fg = 1260 
cm' 1 . 

[0060] When no optical fiber grating is disposed in the 
semiconductor laser device, the semiconductor laser 
oscillates at a wavelength at which the maximum val- 
ue of the gain spectrum S 2 agrees with the mode gain 
G. On the other hand, when the optical fiber grating is 
disposed in the semiconductor laser device, the semi- 
conductor laser oscillates at an injection current at which 
the gain spectrum S 1 at an electric current less than that 
for the gain spectrum S 2 agrees with the mode gain G fg , 
and the emission wavelength becomes equal to a re- 
flection wavelength X^ g of the optical fiber grating, e.g., 
980 nm. In the first and second embodiments, a 980-nm 
band pump laser module is illustrated as an example. 
As an alternative, the first embodiment can be applied 
to a 1480-nm band pump laser module. 
[0061] As the temperature of the pump laser module 
rises, the gain spectrum S t changes into the gain spec- 
trum S 4 and then the gain spectrum S 5 , as shown in Fig. 
3(b), and the semiconductor laser enters a state at 
which its emission wavelength is locked to the constant 
wavelength Xf g by the optical fiber grating. However, at 
the gain spectrum S 5 , the semiconductor laser enters a 



state in which the two emission wavelengths Xf g and 
go into competition with each other. 
[0062] In addition, when the temperature of the pump 
laser module further rises and the semiconductor laser 

5 then enters a state of the gain spectrum S 6 with a max- 
imum value which exceeds the mode gain G, the wave- 
length locking by the optical fiber grating is released be- 
cause the electric current for the gain spectrum S 7 with 
a maximum value equal to the optical gain G is less than 

10 that for the gain spectrum S 6 and the semiconductor la- 
ser oscillates at a wavelength X3 at which the gain spec- 
trum S 7 agrees with the optical gain G. 
[0063] As can be seen from the above-mentioned cal- 
culation, since by reducing the reflectivity Rf of the anti- 

15 reflection coating disposed on the laser light emitting ex- 
it face of the semiconductor laser to a low one (particu- 
larly 1 0% or less), the difference between the mode gain 
G in the case of a single semiconductor laser and the 
mode gain G fg in the case of having an optical fiber grat- 

20 ing can be increased, it is possible to maintain the wave- 
length locking by the optical fiber grating over a wider 
temperature range. 

[0064] By the way, as can be seen from the explana- 
tion about Fig. 3(b), the wider the width of the gain spee- 
ds trum in the vicinity of 980 nm and the flatter the peak of 
the gain spectrum, the wider the range of change in the 
temperature for the wavelength locking can be made to 
become. In general, while a semiconductor laser with 
an MQW active layer has an advantage of achieving a 
30 single mode oscillation easily because its gain spectrum 
has a narrow full width at half maximum (FWHM), the 
semiconductor laser has a disadvantage resulting from 
the above-mentioned reason from the viewpoint of the 
wavelength locking by the optical fiber grating. 
35 [0065] Next, based upon the above-mentioned fact a 
description will be made as to the reason why the tem- 
perature range in which the wavelength locking can be 
carried out is extended, i.e., <Feature 2> in the semi- 
conductor laser device according to the first embodi- 
40 ment provided with the semiconductor laser 11 having 
an SQW active layer. 

[0066] Figs. 4(a) and 4(b) are diagrams for explaining 
the advantage of the semiconductor laser device ac- 
cording to the first embodiment of the present invention, 

^5 and the horizontal axis represents the wavelength (nm) 
and the vertical axis represents the gain (cm -1 ). Fig. 4 
(a) shows an example of calculation of the gain spec- 
trum when the thickness of the well is 8 nm, which cor- 
responds to the gain spectrum of the prior art MQW ac- 

50 tive layer 1 1 1 d, and Fig. 4(b) shows an example of cal- 
culation of the gain spectrum when the thickness of the 
well is 18 nm, which corresponds to the gain spectrum 
of the SQW active layer 41 of the present invention. 
[0067] Six curves of Figs. 4(a) and 4(b) show gain 

55 spectrums when changing the carrier density from 1 x 
10 l7 cnr 3 to3.1 x 1 0 18 cm 3 in steps of 6.0 x 10 17 cnv 3 , 
which correspond to the ones when the semiconductor 
laser is placed in an oscillation state in a case where the 
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gain at a wavelength of 980 nm becomes 1 600 cm -1 , for 
example (in the case of Figs. 3(a) and 3(b)). As can be 
seen from a comparison of Fig. 4 (a) and Fig. 4 (b), while 
the gain spectrum of the MQW active layer 111 d in the 
vicinity of 980 nm has a narrow width and varies abruptly 5 
with wavelength when the semiconductor laser is placed 
in the oscillation state, the gain spectrum of the SQW 
active layer 41 in the vicinity of 980 nm has a wide width 
and is flat because of an influence of a e2-hh2 transition. 
Therefore, due to the fact that the wider the width of the 
gain spectrum in the vicinity of 980 nm and the flatter 
the peak of the gain spectrum, the wider the range of 
change in the temperature for the wavelength locking 
can be made to become, the semiconductor laser de- 
vice of Fig. 1 can keep the emission wavelength of the 
laser light constant over a wide temperature range. 
[0068] In general, a semiconductor laser with an 
MQW active layer has an advantage that it easily enters 
a single-mode of operation because its gain spectrum 
has a narrow FWHM, whereas a semiconductor laser 
with an SQW active layer has a disadvantage that it 
does not easily enter a single-mode of operation. How- 
ever, there is a trade-off between the single-mode of op- 
eration and the wavelength locking using the optical fib- 
er grating 30. In accordance with the first embodiment 
of the present invention, the range of the wavelength 
locking using the optical fiber grating 30 can be extend- 
ed based on the fact that the gain spectrum of the SQW 
active layer has a wide FWHM and is flat, which usually 
becomes a drawback. 

[0069] Thus the semiconductor laser device of the 
first embodiment with a simple structure can reduce 
changes in the emission wavelength over a wide tem- 
perature range without any temperature control mech- 
anism, unlike a prior art semiconductor laser device. As 
an alternative, the semiconductor laser device of the first 
embodiment can be provided with a temperature control 
mechanism. In this case, the temperature control mech- 
anism for reducing changes in the emission wavelength 
is so simply structured that its temperature control res- 
olution or its temperature control performance is re- 
duced as compared with that required for a prior art sem- 
iconductor laser device. In addition, the first embodi- 
ment offers an advantage of being able to permit easing 
of management of combinations of variations in the 
threshold gain band of the semiconductor laser 11, 
which occur during manufacturing, and the wavelength 
characteristic of the optical fiber grating 30. 
[0070] As mentioned above, in accordance with the 
first embodiment of the present invention, the semicon- 
ductor laser device comprises an optical fiber 20 having 
an optical fiber grating 30 formed therein, for guiding la- 
ser light, and a pump laser module 10 including a sem- 
iconductor laser 1 1 having an SQW active layer 41 , for 
emitting laser light, and a coupling optical system 1 5 for 
coupling the laser light emitted out of the semiconductor 
laser 11 into the optical fiber 20. Accordingly, the semi- 
conductor laser device can keep the emission wave- 



length of the laser light constant over a wider tempera- 
ture range compared with prior art semiconductor laser 
devices. The semiconductor laser device with a simple 
structure can thus reduce changes in the emission 
wavelength without any temperature control mecha- 
nism. The semiconductor laser device of the first em- 
bodiment can be provided with a temperature control 
mechanism which is so simply structured that its tem- 
perature control resolution or its temperature control 
performance is reduced so as to control changes in the 
emission wavelength. In addition, the first embodiment 
offers an advantage of being able to permit easing of 
management of combinations of variations in the thresh- 
old gain band of the semiconductor laser 11 , which oc- 
cur during manufacturing, and the wavelength charac- 
teristic of the optical fiber grating 30. 
[0071] Furthermore, in accordance with the first em- 
bodiment, the semiconductor laser 1 1 has an anti-reflec- 
tion coating 14 with a reflectivity of about 10 % or less 
which is formed on laser light emitting exit face thereof. 
Accordingly, the semiconductor laser device can main- 
tain the wavelength locking by using the optical fiber 
grating 30 over a wider temperature range. 
[0072] In addition, in accordance with the first embod- 
iment, the anti- reflection coating 14 has a reflectivity 
lower than that of the optical fiber grating 30. Accord- 
ingly, the semiconductor laser device can maintain the 
wavelength locking by using the optical fiber grating 30 
over a wider temperature range. 
[0073] In addition, in accordance with the first embod- 
iment, the semiconductor laser 11 includes a single 
quantum well with an active layer having a thickness 
ranging from 10 nm to 25 nm. Accordingly, the gain 
spectrum of the SQW active layer can have a wide 
FWHM and can be flat, and therefore the range of the 
wavelength locking using the optical fiber grating 30 can 
be extended. 

Embodiment 2. 

[0074] Fig. 5 is a diagram showing the structure of a 
semiconductor laser device according to a second em- 
bodiment of the present invention. The same reference 
numerals as shown in Fig. 1 denote the same compo- 
nents as those of the first embodiment or like compo- 
nents. In Fig. 5, reference numeral 16 denotes a semi- 
conductor laser having a coupling multiple quantum well 
(coupling MQW) active layer. 

[0075] Fig. 6 is a diagram showing an energy band 
structure in the vicinity of the coupling MQW active layer 
of the semiconductor laser 1 6. The same reference nu- 
merals as shown in Fig. 2 denote the same components 
as those of the first embodiment or like components. In 
Fig. 6, reference numerals 46A and 46B denote quan- 
tum wells each of which is composed of InGaAs of In 
chemical composition of 0.2, reference numeral 47 de- 
notes a barrier layer that is composed of AIGaAs of Al 
chemical composition of 0.2, and reference numeral 48 
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denotes a coupling MQW active layer in which the two 
quantum wells 46A and 46B are coupled to each other. 
[0076] Each of the quantum wells 46A and 46B of the 
coupling MQW active layer 48 has a thickness Lz rang- 
ing from 5 nm to 1 5 nm, the barrier layer 47 has a thick- 5 
ness Lb ranging from 0.1 nm to 8 nm, and the guide 
layer 44 has a thickness ranging from 1 0 nm to 500 nm. 
In this example, Lz = 8 nm, the thickness Lb of the barrier 
layer 47 = 3 nm, and the thickness of the guide layer 44 
= 50 nm. Other conditions, such as Al chemical compo- 
sition, are equal to those shown in Fig. 2. 
[0077] The semiconductor laser device according to 
second embodiment has <Feature 1>, like the above- 
mentioned first embodiment, because it is provided with 
an optical fiber grating 30. In addition, since the width 
of the barrier layer 47 of the semiconductor laser 1 6 is 
narrowed to 3 nm to provide quantum coupling, the lev- 
els are divided by the interaction between the levels ac- 
cording to the tunnel effect, and the gain spectrum of 
the semiconductor laser 16 is extended. In other words, 
the semiconductor laser device of the second embodi- 
ment has also < Feature 2>, like the first embodiment. 
[0078] Furthermore, since the coupling MQW active 
layer 48 is used, it is possible to easily provide a suffi- 
cient optical confinement coefficient even if the thick- 
ness Lz of each of the two quantum wells 46A and 46B 
is reduced to below its critical thickness, and it is there- 
fore possible to improve the degree of freedom of the 
design. Here, the critical thickness is the limit of an ac- 
tive layer thickness at which no crystal defect is caused 
even if the lattice constant of the active layer differs from 
that of the substrate. A crystal defect is caused when 
the active layer has a thickness equal to or greater than 
the critical thickness. Therefore when using a material, 
such as InGaAs, with a lattice constant different from 
that of GaAs, as the active layer, the critical thickness 
is an important index. 

[0079] Since the semiconductor laser according to the 
second embodiment includes the two quantum wells 
46A and 46B each having a thickness equal to or less 
than the critical thickness, the semiconductor laser de- 
vice does not suffer from a problem of crystal defect gen- 
eration due to a mechanical stress, and failures such as 
degradation of the initial performance, decrease in the 
light output, and quenching, and therefore the reliability 
of the semiconductor laser device can be improved. 
[0080] Next, the reason why the temperature range 
where the wavelength locking can be carried out is ex- 
tended when the semiconductor laser 1 6 with the cou- 
pling MQW active layer 48 according to the second em- 
bodiment is used will be explained. 
[0081] Figs. 7 (a) and 7 (b) are diagrams for explaining 
advantages of the semiconductor laser device accord- 
ing to the second embodiment of the present invention. 
Fig. 7 (a) shows a band structure of a single quantum 
well having a thickness Lz of 8 nm, and Fig. 7 (b) shows 
a band structure when coupling according to the tunnel 
effect is provided between the two quantum wells. Fig. 



7 (a) and Fig. 7 (b) show the structure of the active layer 
1 1 1 d of the prior art multiple quantum well semiconduc- 
tor laser shown in Fig. 1 3 and that of the coupling MQW 
active layer 48 of the semiconductor laser 1 6 of the sec- 
ond embodiment of the present invention shown in the 
Fig. 6, respectively. In Fig. 7 (b), the thickness Lz of each 
of the two wells is narrowed to 8 nm and the thickness 
Lb of the barrier layer is narrowed to 3 nm. 
[0082] In Figs. 7 (a) and 7 (b), reference numeral 51 
denotes a band for electron, reference numeral 52H de- 
notes a band for heavy hall, reference numeral 52L de- 
notes a band for light hall, reference numerals 53 and 
54 denote a first subband and a second subband for 
electron, respectively, reference numerals 55 and 56 
denote a first subband and a second subband for heavy 
hall, respectively, reference numerals 57 and 58 denote 
a first subband and a second subband for light hall, re- 
spectively, and reference numeral 59 denotes a barrier 
layer. 

[0083] As explained in <Reference 2> mentioned be- 
low, in Fig. 7 (a), a transition (e1 -hh1 ) from the first sub- 
band 55 for heavy hall to the first subband 53 for electron 
and a transition (e1-lh1) from the first subband 57 for 
light hall to the first subband 53 for electron are accept- 
able. On the other hand, in Fig. 7 (b), since the width of 
the barrier layer is narrowed to 3 nm, the levels are di- 
vided by the interaction among the levels due to the tun- 
nel effect and a transition (e2-hh2) from the second sub- 
band 56 for heavy hall to the second subband 54 for 
electron and a transition (e2-lh2) from the second sub- 
band 58 for light hall to the second subband 54 for elec- 
tron are acceptable in addition to the transition (e1 -hh1 ) 
and the transition (e1-lh1). 

[0084] Therefore, as in the case of Fig. 4 (b), the range 
of the wavelength locking using the optical fiber grating 
30 can be extended because the gain spectrum in the 
vicinity of the e1 -hh1 transition becomes flat under the 
influence of other transitions. 

[0085] <Reference 2>: R.Dingle: "Confined Carrier 
Quantum State Ultrathin Semiconductor Heterostruc- 
ture", 

Festkoerperplobleme XV, Advances in Solid-State 
Physics, pp.21 to 48 (1975). 

[0086] Since the gain spectrum of the coupling MQW 
active layer has a wide FWHM, and the semiconductor 
laser with the coupling MQW active layer does not os- 
cillate easily in single mode, the coupling MQW active 
layer is not generally used in the prior art. In contrast, in 
accordance with the second embodiment, through the 
use of the wide FWHM of the gain spectrum of the cou- 
pling MQW active layer, which is a drawback usually, 
the range of the wavelength locking using the optical fib- 
er grating 30 is extended. 

[0087] As mentioned above, in accordance with the 
second embodiment of the present invention, the sem- 
iconductor laser device comprises an optical fiber 20 
having an optical fiber grating 30 formed therein, for 
guiding laser light, and a pump laser module 1 0 includ- 
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ing a semiconductor laser 16 having a coupling MQW 
active layer, for emitting laser light, and a coupling opti- 
cal system 15 for coupling the laser light emitted out of 
the semiconductor laser 1 6 into the optical fiber 20. Ac- 
cordingly, the semiconductor laser device can widen the 
threshold gain band of the semiconductor laser. Like the 
semiconductor laser of the first embodiment, the semi- 
conductor laser device with a simple structure can also 
keep the emission wavelength of the laser light constant 
over a wider temperature range without any tempera- 
ture control mechanism. The semiconductor laser de- 
vice of the second embodiment can be provided with a 
temperature control mechanism which is so simply 
structured that its temperature control resolution or its 
temperature control performance is reduced so as to 
control changes in the emission wavelength. In addition, 
the second embodiment offers an advantage of being 
able to permit easing of management of combinations 
of variations in the threshold gain band of the semicon- 
ductor laser 16, which occur during manufacturing, and 
the wavelength characteristic of the optical fiber grating 
30. The second embodiment offers another advantage 
of being able to reduce lattice distortions, which can oc- 
cur between the active layer and the substrate, thereby 
improving the reliability of the semiconductor laser. 

Embodiment 3. 

[0088] Fig. 8 is a diagram showing the structure of a 
semiconductor laser device according to a third embod- 
iment of the present invention. The same reference nu- 
merals as shown in Fig. 1 denote the same components 
as those of the first embodiment or like components. In 
Fig. 8, reference numeral 17 denotes a narrow-band fil- 
ter. 

[0089] The narrow-band filter 1 7 is disposed between 
a collimator lens 15A and a condenser lens 15B which 
constitute a coupling optical system 1 5, and has a struc- 
ture that makes it possible to arbitrarily set an incident 
angle of laser light from a semiconductor laser 11 upon 
the narrow-band filter 17. Furthermore, in accordance 
with the third embodiment, an optical fiber grating 30 
formed in an optical fiber 20 has a reflection bandwidth 
that is set so that it is wider than or substantially equal 
to a 3dB bandwidth of the gain of the semiconductor la- 
ser 11 or a spectrum FWHM of the semiconductor laser 
11. 

[0090] The laser light, which is emitted out by way of 
an anti-reflection coating 14 with a reflectivity of 10 % 
or less which is formed on laser light emitting exit face 
of the semiconductor laser 1 1 , is transformed into par- 
allel light by the collimator lens 1 5A and is then incident 
upon the narrow-band filter 17. The laser light, which 
penetrates the narrow-band filter 1 7, is focused onto the 
optical fiber 20 by the condenser lens 1 5B. 
[0091 ] The reflection characteristic of the optical fiber 
grating 30 cannot easily be changed because it is de- 
termined when the grating pattern of the optical fiber 



grating is produced. Therefore, the reflection bandwidth 
of the optical fiber grating 30 is set so that it is wider than 
or substantially equal to the 3dB bandwidth of the gain 
of the semiconductor laser 1 1 or the spectrum FWHM 
5 of the semiconductor laser 1 1 , and the incident angle of 
the laser light with the narrow-band filter 17 can be 
changed when assembling or adjusting the module. 
[0092] The incident angle of the laser light with the 
narrow-band filter 1 7 can be adjusted and fixed when 
10 assembling or adjusting the module and the wavelength 
of light that can transmit through the narrow-band filter 
17 can be set to a desired one so that the optical fiber 
grating 30 can reflect light having a wavelength suitable 
for the threshold gain band even if variations in the 
15 threshold gain band are caused due to variations in the 
manufacturing of the semiconductor laser 11 . 
[0093] As mentioned above, in accordance with the 
third embodiment of the present invention, the coupling 
optical system 15 comprises a narrow-band filter 1 7 for 
20 adjusting an incident angle of the laser light emitted out 
of the semiconductor laser 11. Accordingly, the third em- 
bodiment offers an advantage of making it possible for 
the optical fiber grating 30 to reflect light having a wave- 
length suitable for the threshold gain band even if vari- 
es ations in the threshold gain band are caused due to var- 
iations in the manufacturing of the semiconductor laser 
11. 

[0094] Furthermore, in accordance with the third em- 
bodiment, since the reflection bandwidth of the optical 

30 fiber grating 30 is set so that it is wider than or substan- 
tially equal to the 3dB bandwidth of the gain of the sem- 
iconductor laser 1 1 or the spectrum FWHM of the sem- 
iconductor laser 1 1 , the optical fiber grating 30 can re- 
flect light having a wavelength suitable for the threshold 

35 gain band even if variations in the threshold gain band 
are caused due to variations in the manufacturing of the 
semiconductor laser 11 . 

[0095] In addition, in accordance with the third em- 
bodiment, since the coupling optical system 1 5 compris- 

40 es a narrow-band filter 1 7 for adjusting an incident angle 
of the laser light emitted out of the semiconductor laser 
1 1 , and the reflection bandwidth of the optical fiber grat- 
ing 30 is set so that it is wider than or substantially equal 
to the 3dB bandwidth of the gain of the semiconductor 

45 laser 11 or the spectrum FWHM of the semiconductor 
laser 1 1 , the optical fiber grating 30 can reflect light hav- 
ing a wavelength suitable for the threshold gain band 
even if variations in the threshold gain band are caused 
due to variations in the manufacturing of the semicon- 

50 ductor laser 11 . 

[0096] In addition, in accordance with the third em- 
bodiment, the coupling optical system 1 5 includes a col- 
limator lens 15A for collimating the laser light emitted 
out of the semiconductor laser and for outputting the col- 

55 limated laser light to the narrow-band filter 1 7, and a 
condenser lens 15B for focusing the laser light output 
from the narrow-band filter 17 onto the optical fiber. Ac- 
cordingly, the third embodiment offers another advan- 
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tage of being able to couple the laser light from the sem- 
iconductor laser 1 1 into the optical fiber 20 by way of the 
narrow-band filter 17 with a high degree of efficiency. 

Embodiment 4. s 

[0097] The narrow-band filter 1 7 shown in the above- 
mentioned third embodiment can be applied to the sem- 
iconductor laser 16 with a coupling MQW active layer 
shown in the above-mentioned second embodiment. In 
this case, the same advantages as offered by the third 
embodiment are provided. Fig. 9 is a diagram showing 
the structure of a semiconductor laser device according 
to a fourth embodiment of the present invention. The 
same reference numerals as shown in Figs. 5 and 8 de- 
note the same components as those of the second and 
third embodiments or like components. 
[0098] A narrow-band filter 1 7 is disposed between a 
collimator lens 15A and a condenser lens 15B which 
constitute a coupling optical system 1 5, and has a struc- 
ture that makes it possible to set an incident angle of 
laser light from a semiconductor laser 16 with an MQW 
active layer to an arbitrary one. 
Furthermore, an optical fiber grating 30 formed in an op- 
tical fiber 20 has a reflection bandwidth that is set so 
that it is wider than or substantially equal to a 3dB band- 
width of the gain of the semiconductor laser 1 1 or a spec- 
trum FWHM of the semiconductor laser 11, as in the 
above-mentioned third embodiment. 
[0099] The laser light, which is emitted by way of an 
anti-reflection coating 14 with a reflectivity of 10 % or 
less which is formed on a laser light emitting exit face of 
the semiconductor laser 16, is transformed into parallel 
light by the collimator lens 15A and is then incident upon 
the narrow-band filter 17. The laser light, which pene- 
trates the narrow-band filter 1 7, is focused onto and is 
incident upon the optical fiber 20 by the condenser lens 
15B. 

[0100] The reflection characteristic of the optical fiber 
grating 30 cannot easily be changed because it is de- 
termined when the grating pattern of the optical fiber 
grating is produced. Therefore, the reflection bandwidth 
of the optical fiber grating 30 is set so that it is wider than 
or substantially equal to the 3dB bandwidth of the gain 
of the semiconductor laser 11 or the spectrum FWHM 
of the semiconductor laser 1 1 , and the incident angle of 
the laser light with the narrow-band filter 17 can be 
changed when assembling or adjusting the module. 
[0101] Thus, the incident angle of the laser light with 
the narrow-band filter 17 can be adjusted and fixed 
when assembling or adjusting the module and the wave- 
length of light that can transmit through the narrow-band 
filter 17 can be set to a desired one so that the optical 
fiber grating 30 can reflect light having a wavelength 
suitable for the threshold gain band even if variations in 
the threshold gain band are caused due to variations in 
the manufacturing of the semiconductor laser 1 6, as in 
the above-mentioned third embodiment. 



Embodiment 5. 

[0102] By disposing a layer for relieving a distortion 
due to grid-interval mismatching outside the SOW active 
layer of the semiconductor laser 11 of the above-men- 
tioned first embodiment orthe coupling MQW active lay- 
er of the semiconductor laser 16 of the above-men- 
tioned first embodiment (e.g., by disposing a layer hav- 
ing a refractive index lowerthan that of a light guide layer 
disposed outside the SQW active layer and such a thick- 
ness as to prevent itself from becoming a barrier that 
keeps an electric current from flowing through the sem- 
iconductor laser outside the light guide layer), or by mak- 
ing the active layer, the barrier layer, and the guide layer 
be of distortion compensation structure, the frequency 
of occurrence of crystal defects can be reduced and the 
rate of accidental failure can be reduced. 
[0103] Fig. 1 0 is a diagram showing an energy band 
structure in the vicinity of an active layer of a semicon- 
ductor laser of distortion compensation structure. In Fig. 
10, reference numeral 61 denotes a conduction band, 
reference numeral 62 denotes a valence band, refer- 
ence numerals 63A and 63B denote quantum wells, re- 
spectively, reference numeral 64 denotes a barrier layer, 
reference numeral 65 denotes a guide layer, and refer- 
ence numeral 66 denotes a cladding layer. Each of the 
two quantum wells 63A and 63B is composed of InGaAs 
of In chemical composition of 0.2, the barrier layer 64 is 
composed of GaAsP, the guide layer 65 is composed of 
Ga0.8ln0.2As0.62P0.38, and the cladding layer 66 is 
composed of Ga0.51 ln0.49P. The quantum well 63 has 
a thickness of 8 nm, the barrier layer 64 has a thickness 
of 20 nm, and the guide layer 65 has a thickness of 80 
nm. 

[0104] As explained in the above-mentioned second 
embodiment, a distortion is caused in the crystal be- 
cause InGaAs has a lattice constant different from that 
of a GaAs substrate. Between two materials, there can 
be provided a ratio of a difference between the lattice 
constant of one of them and that of the other material to 
the lattice constant of one of them, which is called the 
amount of distortion. In this example, by setting the 
amount of distortion between the barrier layer and the 
GaAs substrate to be -1 .0 %, and setting the amount of 
distortion between each quantum well and the GaAs 
substrate to be +1 .4 %, the average amount of distortion 
between the substrate and the vicinity of the active layer 
can be reduced. 

[0105] By using a semiconductor laser with an SQW 
active layer or a coupling MQW active layer, in which a 
layer for relieving a distortion due to grid-interval mis- 
matching is disposed outside the SQW active layer or 
the coupling MQW active layer, or the active layer, the 
barrier layer, and the guide layer are made to be of dis- 
tortion compensation structure, as the semiconductor 
laser 1 1 of the above-mentioned first embodiment or the 
semiconductor laser 1 6 of the above-mentioned second 
embodiment, the fifth embodiment offers an advantage 
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of being able to generate laser light output having a sta- 
ble emission wavelength over a wide temperature range 
without any temperature control, like the above-men- 
tioned first or second embodiment. The fifth embodi- 
ment also offers an advantage of being able to permit 5 
easing of management of combinations of variations in 
the threshold gain band of the semiconductor laser, 
which occur during manufacturing, and the wavelength 
characteristic of the optical fiber grating 30 even when 
a temperature monitor and a cooler are provided. 
[0106] As mentioned above, in according to the fifth 
embodiment of the present invention, the semiconduc- 
tor laser 11 or 16 includes a layer having a refraction 
index lower than that of the optical guide layer disposed 
outside the active layer with the single quantum well, the 
layer having such a thickness as to prevent itself from 
becoming a barrier that keeps an electric current from 
flowing through the semiconductor laser and the layer 
being disposed outside the optical guide layer. Accord- 
ingly, the fifth embodiment offers an advantage of being 
able to reduce the frequency of occurrence of crystal 
defects and the rate of accidental failure. 
[0107] Furthermore, in accordance with the fifth em- 
bodiment, the active layer, the barrier layer, and the 
guide layer of the semiconductor laser 11 or 1 6 are con- 
figured to have a distortion compensating structure. 
Even in this case, the fifth embodiment offers an advan- 
tage of being able to reducethe frequency of occurrence 
of crystal defects and the rate of accidental failure. 

Embodiment 6. 

[0108] By setting intervals at which two or more quan- 
tum wells are formed in a semiconductor laser 1 6 with 
a coupling MQW active layer shown in the above-men- 
tioned second embodiment to be 8 nm or less, the two 
quantum wells can be coupled to each other with a high 
degree of efficiency. Therefore, since the semiconductor 
laser 16 can provide a wide threshold gain band and 
high efficiency, and can generate laser light having a 
stable emission wavelength over a wide temperature 
range, like the second above-mentioned embodiment, 
the semiconductor laser device can provide laser light 
having a stable emission wavelength over a wide tem- 
perature range without any temperatu re control by form- 
ing an external resonator by optically coupling the sem- 
iconductor laser 16 to an optical fiber 20 having an op- 
tical fiber grating 30. 

[0109] Furthermore, like the above-mentioned fourth 
embodiment, by arranging a narrow-band filter 1 7 locat- 
ed on an emitting exit face side of the semiconductor 
laser 16, an optical fiber 20 into which laser light from 
the semiconductor laser 1 6 is coupled by way of the nar- 
row-band filter 1 7, and an optical fiber grating 30 formed 
in the optical fiber 20, and having a reflection bandwidth 
wider than or substantially equal to a 3dB bandwidth of 
the gain of the semiconductor laser 16 or a spectrum 
FWHM of the semiconductor laser 1 6, laser light having 



a stable emission wavelength can be generated over a 
wide temperature range without any temperature con- 
trol. 

[01 10] The sixth embodiment offers an advantage of 
being able to permit easing of management of combi- 
nations of variations in the threshold gain band of the 
semiconductor laser 16, which occur during manufac- 
turing, and the wavelength characteristic of the optical 
fiber grating 30 even when the semiconductor laser de- 
vice is provided with a temperatu re monitor and a cooler. 
[0111] As mentioned above, in accordance with the 
sixth embodiment of the present invention, since the 
semiconductor laser 1 6 has two or more quantum wells 
formed at intervals of 8 nm or less, quantum coupling 
can be provided with a high degree of efficiency. 

Embodiment 7. 

[0112] An optical fiber grating having a reflection 
bandwidth of 5 nm or more can be used as an optical 
fiber grating 30 shown in the above-mentioned third or 
fourth embodiment. Through the use of the optical fiber 
grating 30 an external resonator is formed and laser light 
having a stable emission wavelength can be produced 
over a wide temperature range. Furthermore, the sem- 
iconductor laser device can accommodate to variations 
in the threshold gain band of the semiconductor laser 
with the single kind of optical fiber grating 30. 
[0113] As mentioned above, in accordance with the 
seventh embodiment of the present invention, since the 
semiconductor laser device includes the optical fiber 
grating 30 having a reflection bandwidth of 5 nm or 
more, the optical fiber grating 30 can form an external 
resonator, and the semiconductor laser device can gen- 
erate laser light having a stable emission wavelength 
over a wide temperature range and can accommodate 
to variations in the threshold gain band of the semicon- 
ductor laser. 

Embodiment 8. 

[0114] The semiconductor laser device according to 
the above-mentioned first or second embodiment can 
be provided with a semiconductor laser 11 or 1 6 having 
an anti-reflection coating 14 with a reflectivity of 10 % 
or less formed on a laser light emitting exit face thereof, 
and an optical fiber 20 containing an optical fiber grating 
30 with a reflectivity higherthan that of the anti-reflection 
coating 14. The semiconductor laser can therefore os- 
cillate at the same wavelength as the reflection wave- 
length of the optical fiber grating 30 over a wide temper- 
ature range. 

[0115] Furthermore, the semiconductor laser device 
according to the above-mentioned third or fourth em- 
bodiment can be provided with a semiconductor laser 
11 or 16 having an anti-reflection coating 14 with a re- 
flectivity of 1 0 % or less formed on a laser light emitting 
exit face thereof, and an optical fiber 20 containing an 
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optical fiber grating 30 with a reflectivity higher than that 
of the anti-reflection coating 14. The semiconductor la- 
ser can therefore oscillate at a wavelength associated 
with the wavelength characteristic of a narrow-band fil- 
ter 17 used in the above-mentioned third or fourth em- 
bodiment. 

Embodiment 9, 

[0116] There can be provided an incident angle ad- 
justment mechanism for adjusting the incident angle of 
laser light incident upon a narrow-band filter 1 7 so that 
it approaches 90° at high ambient temperature. For ex- 
ample, this incident angle adjustment mechanism in- 
cludes a temperature monitor for monitoring the temper- 
ature of the semiconductor laser device, and a control 
unit for storing a relationship between the incident angle 
of the laser light with the narrow-band filter 1 7 and the 
transmission property of the narrow-band filter 1 7 while 
making a function and table associated with the relation- 
ship, and adjusting the incident angle of the laser light 
with the narrow-band filter 1 7 by referring to the temper- 
ature monitored by the temperature monitor and the 
function and table associated with the relationship. The 
incident angle of the laser light with the narrow-band fil- 
ter 1 7 can be varied according to the temperature of the 
semiconductor laser device so that light having a certain 
wavelength always passes through the narrow-band fil- 
ter 17. 

[0117] Thus, the provision of the incident angle ad- 
justment mechanism for adjusting the incident angle of 
laser light incident upon the narrow-band filter 1 7 so that 
it approaches 90° at high ambient temperature makes 
it possible to make the reflection bandwidth of the optical 
fiber grating 30 change into a longer one with increasing 
ambient temperature, and make the semiconductor la- 
ser device oscillate in external resonator mode over a 
wide temperature range, thereby maintaining the emis- 
sion wavelength so that it falls within the bandwidth of 
the gain of an optical fiber amplifier including the semi- 
conductor laser device. 

[01 1 8] There can be provided an optical fiber amplifier 
that includes the semiconductor laser device according 
to any one of the above-mentioned first through ninth 
embodiments as an excitation light source. The optical 
fiber amplifier can comprise a pumping light-signal light 
coupling unit for coupling laser light emitted, as pumping 
light, by the semiconductor laser device and another la- 
ser light provided as signal light, and a rare-earth -doped 
optical fiber which is pumped by the pumping light from 
the pumping light-signal light coupling unit so as to am- 
plify the signal light from the pumping light-signal light 
coupling unit. The optical fiber amplifier can thus control 
the change in the gain-wavelength characteristic of the 
semiconductor laser device. 

[0119] As mentioned above, in accordance with the 
ninth embodiment of the present invention, since the 
narrow-band filter 1 7 is provided with an incident angle 



adjustment mechanism for adjusting the incident angle 
of laser light incident thereupon so that it approaches 
90° at high ambient temperature, the semiconductor la- 
ser device makes it possible to make the reflection 

5 bandwidth of the optical fiber grating 30 change into a 
longer one with increasing ambient temperature, and 
make the semiconductor laser oscillate in external res- 
onator mode over a wide temperature range, thereby 
maintaining the emission wavelength so that it falls with- 

10 in the gain bandwidth of an optical fiber amplifier includ- 
ing the semiconductor laser device. 
[01 20] Furthermore, in accordance with the ninth em- 
bodiment, there can be provided an optical fiber ampli- 
fier that includes a semiconductor laser device accord- 

15 jpg to the present invention, a pumping light-signal light 
coupling unit for coupling laser light emitted, as pumping 
light, by the semiconductor laser device and other laser 
light provided as signal light, and a rare-earth-doped op- 
tical fiber which is pumped by the pumping light from the 

20 pumping light-signal light coupling unit so as to amplify 
the signal light from the pumping light-signal light cou- 
pling unit, thereby controlling the change in the gain- 
wavelength characteristic of the semiconductor laser 
device. 

25 [0121] Many widely different embodiments of the 
present invention may be constructed without departing 
from the spirit and scope of the present invention. It 
should be understood that the present invention is not 
limited to the specific embodiments described in the 

30 specification, except as defined in the appended claims. 



Claims 

35 1. A semiconductor laser device characterized in 
that said device comprises: 

an optical fiber (20) having an optical fiber grat- 
ing (3); 

40 a semiconductor laser (1 1 ) having an active lay- 

er (41 ) with a single quantum well, for emitting 
laser light; and 

a coupling optical system (1 5) for coupling the 
laser light emitted out of the semiconductor la- 
45 ser into the optical fiber. 

2. The semiconductor laser device according to Claim 
1 , characterized in that the coupling optical sys- 
tem includes a narrow-band filter (1 7) for adjusting 

50 an incident angle of the laser light emitted out of the 
semiconductor laser. 

3. The semiconductor laser device according to Claim 
1 , characterized in that the optical fiber grating has 

55 a reflection bandwidth wider than or substantially 
equal to a 3dB bandwidth of a gain of the semicon- 
ductor laser or a spectrum full width at half maxi- 
mum of the laser light of the semiconductor laser. 
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4. The semiconductor laser device according to Claim 
1 , characterized in that the coupling optical sys- 
tem has a narrow-band filter (17) for adjusting an 
incident angle of the laser light emitted out of the 
semiconductor laser, and characterized in that the s 
optical fiber grating has a reflection bandwidth wider 
than or substantially equal to a 3dB bandwidth of a 
gain of the semiconductor laser or a spectrum full 
width at half maximum of the laser light of the sem- 
iconductor laser. io 

5. The semiconductor laser device according to Claim 
2 or 4, characterized in that the coupling optica! 
system includes a collimator lens (15A) forcollimat- 

ing the laser light emitted out of the semiconductor '5 
laser and for outputting the collimated laser light to 
the narrow-band filter, and a condenser lens (15B) 
for focusing the laser light output from the narrow- 
band filter onto the optical fiber. 

20 

6. The semiconductor laser device according to any 
one of Claims 1 to 5, characterized in that the sem- 
iconductor laser has an anti-reflection coating (14) 
with a reflectivity of about 1 0 % or less, which is 
formed on an emitting exit face thereof from which 25 
the laser light is emitted. 

7. The semiconductor laser device according to Claim 
6, characterized in that the anti- reflection coating 
has a reflectivity lower than that of the optical fiber 30 
grating. 

8. The semiconductor laser device according to Claim 
1, characterized in that the semiconductor laser 
includes a layer having a refraction index lower than 35 
that of an optical guide layer disposed outside the 
active layer with the single quantum well, said layer 
having such a thickness as to prevent itself from be- 
coming a barrier that keeps an electric current from 
flowing through the semiconductor laser and said 40 
layer being disposed outside the optical guide layer. 

9. The semiconductor laser device according to Claim 
1 , characterized in that the active layer, a barrier 
layer (64), and a guide layer (65) of the semicon- 45 
ductor layer element are configured to have a dis- 
tortion compensating structure. 

10. The semiconductor laser device according to Claim 

2 or 4, characterized in that the optical fiber grating 50 
has a reflection bandwidth of 5 nm or more. 

11. The semiconductor laser device according to Claim 
2 or 4, characterized in that the narrow-band filter 
includes an incident angle adjusting mechanism for 55 
adjusting the narrow-band filter so that the incident 
angle of the laser light incident on the narrow-band 
filter approaches 90 degrees with increasing ambi- 



ent temperature. 

1 2. The semiconductor laser device according to Claim 
1 , characterized in that the active layer with the 
single quantum well of the semiconductor layer el- 
ement has a thickness ranging from 1 0 nm to 25 nm. 

13. A semiconductor laser device characterized in 
that said device comprises: 

an optical fiber (20) having an optical fiber grat- 
ing (30); 

a semiconductor laser (16) having an active 
layer (48) with two or more quantum wells (46A, 
46B) formed at intervals that are close enough 
to provide quantum coupling, for emitting laser 
light; and 

a coupling optica! system (1 5) for coupling the 
laser light emitted out of the semiconductor la- 
ser into the optical fiber. 

14. The semiconductor laser device according to Claim 
13, characterized in that the coupling optical sys- 
tem includes a narrow-band filter (17) for adjusting 
an incident angle of the laser light emitted out of the 
semiconductor laser. 

15. The semiconductor laser device according to Claim 
13, characterized in that the optical fiber grating 
has a reflection bandwidth wider than or substan- 
tially equal to a 3dB bandwidth of a gain of the sem- 
iconductor laser or a spectrum full width at half max- 
imum of the laser light of the semiconductor laser. 

16. The semiconductor laser device according to Claim 
13, characterized in that the coupling optical sys- 
tem has a narrow-band filter (1 7) for adjusting an 
incident angle of the laser light emitted out of the 
semiconductor laser, and characterized in that the 
optical fiber grating has a reflection bandwidth wider 
than or substantially equal to a 3dB bandwidth of a 
gain of the semiconductor laser or a spectrum full 
width at half maximum of the laser light of the sem- 
iconductor laser. 

17. The semiconductor laser device according to Claim 
1 4 or 1 6, characterized in that the coupling optical 
system includes a collimator lens (1 5A) for collimat- 
ing the laser light emitted out of the semiconductor 
laser and for outputting the collimated laser light to 
the narrow-band filter, and a condenser lens (15B) 
for focusing the laser light output from the narrow- 
band filter onto the optical fiber. 

18. The semiconductor laser device according to any 
one of Claims 13 to 17, characterized in that the 
semiconductor laser has an anti -reflection coating 
(14) with a reflectivity of about 10 % or less, which 
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is formed on an emitting exit face thereof from which 
the laser light is emitted. 

19. The semiconductor laser device according to Claim 

1 8, characterized in that the anti-reflection coating 5 
has a reflectivity lower than that of the optical fiber 
grating. 

20. The semiconductor laser device according to Claim 

1 3, characterized in that the active layer, a barrier 10 
layer (64), and a guide layer (65) of the semicon- 
ductor layer element are configured to have a dis- 
tortion compensating structure. 

21. The semiconductor laser device according to Claim 15 

13 or 14, characterized in that the two or more 
quantum wells are formed at intervals of 8 nm or 
less. 

22. The semiconductor laser device according to Claim 20 

14 or 16, characterized in that the optical fiber 
grating has a reflection bandwidth of 5 nm or more. 

23. The semiconductor laser device according to Claim 

14 or 16, characterized in that the narrow-band 25 
filter includes an incident angle adjusting mecha- 
nism for adjusting the narrow-band filter so that the 
incident angle of the laser light incident on the nar- 
row-band filter approaches 90 degrees with in- 
creasing ambient temperature. 30 

24. An optical fiber amplifier characterized in that said 
amplifier comprises: 

a semiconductor laser device including an op- 35 
tical fiber (20) having an optical fiber grating 
(30), a semiconductor laser having an active 
layer (41 ) with a single quantum well, for emit- 
ting pumping light, and a coupling optical sys- 
tem (1 5) for coupling the pumping light emitted 40 
out of the semiconductor laser into the optical 
fiber; 

a pumping light-signal light coupling means for 
coupling the pumping light emitted out of the 
semiconductor laser device to signal light; and 45 
a rare-earth-doped optical fiber that is pumped 
by the pumping light so as to amplify the signal 
light output from the pumping light-signal light 
coupling means. 

50 

25. An optical fiber amplifier characterized in that said 
amplifier comprises: 

a semiconductor laser device including an op- 
tical fiber (20) having an optical fiber grating ss 
(30), a semiconductor laser having an active 
layer (48) with two or more quantum wells (46A, 
46B) formed at intervals that are close enough 



to provide quantum coupling, for emitting 
pumping light, and a coupling optical system 
(15) for coupling the pumping light emitted out 
of the semiconductor laser into the optical fiber; 
a pumping light-signal light coupling means for 
coupling the pumping light emitted out of the 
semiconductor laser device to signal light; and 
a rare-earth-doped optical fiber that is pumped 
by the pumping light so as to amplify the signal 
light output from the pumping light-signal light 
coupling means. 
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